Previous work from this laboratory showed that rat hippocampal membranes contain adenosine receptors that mediate GTP-dependent inhibition of adenylate cyclase activity (Yeung, S. -M. H., and R.
diethylphenylxanthine) radioligands to adenosine receptors in rat hippocampal membranes.
Low concentrations of monovalent cations (~100 mM) did not affect agonist binding. 5'-Guanylylimidodiphosphate (Gpp(NH)p) alone increased the & of the agonist without affecting the maximal number of sites labeled by the agonist (B,.,); in the presence of monovalent cations, Gpp(NH)p both increased the KD and decreased the number of sites labeled by the agonist. In contradistinction, Gpp(NH)p increased the maximal number of sites to which the antagonist bound without affecting its Ko, while monovalent cations decreased the K. of the antagonist both in the absence and the presence of Gpp(NH)p. It is proposed that both agonist and antagonist-receptor complexes exist in three distinct affinity states and that the transitions between these states are modulated by guanine nucleotides and monovalent cations. The results are consistent with a model in which the agonist radioligand measures binding to high and middle agonist affinity states of the receptor but does not measure binding to a low agonist affinity state, while the antagonist radioligand measures binding to the middle and low agonist affinity states but not binding to the high agonist affinity state. According to this model the receptor exists in high agonist-low antagonist and high antagonist-low agonist affinity states and a third state with intermediate affinities for both agonists and antagonists.
Binding of radioligands to receptors coupled to adenylate cyclase has been widely studied. It is now clear that guanine nucleotides decrease agonist binding to receptors that mediate the inhibition (negatively coupled receptors) as well as those that mediate the stimulation (positively coupled receptors) of adenylate cyclase activity (Limbird, 1981; Cooper, 1982) . Negatively coupled receptors seem to differ from positively coupled receptors in that antagonist binding to positively coupled receptors is, in general, unaffected by guanine nucleotides, while antagonist binding to negatively coupled receptors is increased by guanine nucleotides.
This latter effect has been demonstrated for muscarinic cholinergic (Burgisser et al., 1982; Hosey, 1982) , D-2-dopaminergic (DeLean et al., 1982 ), a2-adrenergic (UPrichard et al., 1982 Woodcock and Murley, 1982) , and Ri adenosine receptors (Yeung and Green, 1983) . In addition, monovalent cations have marked effects on ligand binding to negatively coupled receptors that are not apparent with positively coupled receptors (Limbird, 1981; Cooper, 1982 Sprague-Dawley rats (150 to 350 gm, either sex) were killed by decapitation, and the hippocampi were rapidly dissected. Hippocampi were either processed immediately or stored intact in liquid nitrogen for later use. Hippocampal membranes were prepared by the method previously employed (Yeung and Green, 1983) with the exception that the hippocampi were homogenized in 10 mM L-histidine/l mM EDTA, pH 7.5, and the initial centrifugation was at 12,000 x g for 10 min. The membranes were resuspended in the histidine/EDTA buffer for study.
Added Salt ,mM , 10 mM L-histidine (in addition to that added in the membrane preparation), 4 mM MgC12, 2.5 units/ml of adenosine deaminase, 'H-ligand, and other additions as noted. Incubations were performed in duplicate or triplicate at 37°C for 15 min, at which time 3 ml of ice-cold wash buffer (1 mM glycylglytine, pH 7.5, 1 mM MgC1.J were added, and the sample was rapidly poured onto a Whatman GF/A filter under reduced pressure and washed three times with 4-ml volumes of the same buffer. Samples containing 0.1 mM L-PIA were used to correct for nonspecific binding. (Fig. 1, dashed lines).
Four hundred millimolar concentrations of NaCl and NH&l decreased the binding both in the absence and the presence of Gpp(NH)p.
While 400 mM KC1 marginally affected binding in the absence of Gpp(NH)p, it greatly depressed binding when Gpp(NH)p was present. NH&l appeared to be more potent than NaCl and KC1 both in the absence and presence of Gpp(NH)p. taneously under four different conditions: (1) control (O-O), (2) 100 mM NaCl (C --O), (3 ) 100 pM Gpp(NH)p (X-X), and (4) 100 mM NaCl + 100 pM Gpp(NH)p (*---*). Samples were assayed in duplicate. (1) control, (2) 100 mM NaCl, (3) 100 PM Gpp(NH)p, and (4) 100 mM NaCl + 100 PM Gpp(N)p. The results of this and two other similar experiments are summarized in Table I . It is important to note that the effect of Gpp(NH)p to increase the KD of L-PIA was the same in the absence and presence of NaCl, while the effect to decrease the B,,, was markedly increased, if not dependent on, the presence of NaCl. Under the conditions of these experiments NaCl (100 mM) alone did not have a significant effect on the binding of
Scatchard analyses of [3H]-~-PIA binding in the presence of higher concentrations of NaCl and NH&l but in the absence of Gpp(NH)p were also performed (Fig. 3) . Under Green Vol. 4, No. 10, Oct. 1984 these conditions the monovalent cations (200 to 800 mM) caused dose-dependent increases in the KD of L-PIA and decreases in the numbers of sites to which the agonist radioligand bound. NH&l was more potent than NaCl (see the legend to Fig. 3 for parameter estimates) .
The effects of NaCl and NH&l on the binding of the antagonist [3H]DPX to hippocampal membranes were determined in the absence (Fig. 4, solid lines) and presence (Fig. 4, Goodman et al. (1982) appears to be due to the fact that in our previous study (Yeung and Green, which suggests that alkylxanthines, such as DPX, inhibit the effects of Ri receptor agonists by an allosteric rather than by a 1983) incubations contained NaCl in the glycylglycine buffer employed. Therefore, we found that Gpp(NH)p both increased competitive mechanism.
The possible existence of agonistpreferring and antagonist-preferring states of receptors is im-
